CeO 2 thin films were deposited on silicon and silicon nitride substrates by magnetron sputtering at room temperature and annealed at 400 and 600 °C in air and vacuum. Interaction between deposited CeO 2 and Si in CeO 2 /Si and CeO 2 /Si 3 N 4 systems was investigated by XPS. 
Introduction
In last several years, CeO 2 powders and thin films have become attractive materials for various catalytic, electrochemical, electronic, optical, electrical, gas sensor and corrosion resistant applications [1−8] . CeO 2 based materials are important for applications in auto exhaust catalysis, hydrogen production, electrodes in fuel cells [1, 2, 9, 10] . In microelectronics, among various high-κ gate oxide materials, CeO 2 is one of the attractive candidates due to its high dielectric constant (23−52) , high refractive index (2.2−2.8), high dielectric strength (∼25 MV cm −1 ) and moderate band gap (3−3.6 eV) [11] . Small lattice mismatch as well as thermodynamic stability in contact with Si favors the epitaxial growth of CeO 2 on different Si surfaces [12, 13] .
Moreover, with its good adhesion on Si, high stability against mechanical abrasion and chemical attack it is more suitable for complementary metal−oxide−semiconductor (CMOS) devices. It has also been a potential alternative to standard SiO 2 based silicon-on-insulator (SOI) technology [14] . In this sense, many research groups have attempted to grow epitaxial thin films on Si substrates by different thin film deposition techniques such as electron beam evaporation, magnetron sputtering, flash evaporation, pulsed laser deposition, ion beam epitaxy, molecular beam epitaxy, plasma enhanced chemical vapor deposition, sol-gel, spray pyrolysis [12−24] .
However, in most cases, an important issue is the nature of CeO 2 −Si interface and its stability as potential applications depend on better understanding and controlling the quality of CeO 2 /Si interface.
It has been found that Si can react with CeO 2 at the CeO 2 /Si interface to form silicon oxides, cerium silicate [13,19,25−27] . In a recent study, Skála and Matolín have investigated the interaction of silicon and CeO 2 employing XPS where they have found the formation of cerium 
Experimental methods
CeO 2 thin films were deposited on Si and Si 3 N 4 substrates using a CeO 2 target (Allvac, 99.9%) employing magnetron sputtering assisted by inductively coupled plasma generated with Tables 1 and 2, respectively. In Fig. 2 
According to the equation (3) is displayed in Fig. 2 species [49, 50] . The appearance of these species at the interface of CeO 2 and Si shows the interaction between them where it can be expected to bond in a Si−Ce−O matrix in the form of silicate [27] . On the other hand, single peak at 101.5 eV found in Si2p core level spectrum in CeO 2 /Si 3 N 4 film can be assigned for Si−N bond in Si 3 N 4 [51] .
O1s core level spectra can be used as another source of information on oxidation states of Ce. Deconvoluted O1s core level spectra from as-deposited film on Si and Si 3 N 4 substrates are shown in Fig. 4 . O1s core level spectrum in as-deposited film on Si shows four peaks at 529.9, 531.6, 532.1 and 533.8 eV (Fig. 4a) Deconvoluted spectrum of the CeO 2 /Si film heated at 400 °C in vacuum shown in Fig. 6 (a) [ deconvoluted O1s core level spectrum increases to 56% after annealing at 400 °C in vacuum which is close to the value of 54% obtained from Ce3d spectrum. On the other hand, CeO 2 film deposited on Si 3 N 4 substrate shows an intense peak at 529.9 eV corresponding to O 2− species in CeO 2 after heat treatment at 400 °C in vacuum as displayed in Fig. 10 (b Thus, from thermodynamic point of view, the interfacial reaction given above can occur in the forward direction if we consider standard molar enthalpy of formation of different compounds.
Heat treated films
Another type of reaction between Si and CeO 2 is also possible which is given below.
[ and heat treated at 600 °C in vacuum, and (h) deposited on Si 3 N 4 and heat treated at 600 °C in air. 
